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5HFHQW GHYHORSPHQWV LQ PDQXIDFWXULQJ LQGXVWU\ VKRZ D
VLJQLILFDQW WUHQG WRZDUGV LQGLYLGXDOL]HG SURGXFWV GXH WR
LQFUHDVLQJ FXVWRPHU UHTXLUHPHQWV 7R FRSH ZLWK WKH
FKDOOHQJHV DVVRFLDWHG ZLWK WKHVH GHYHORSPHQWV IOH[LEOH DQG
HIILFLHQW SURGXFWLRQ V\VWHPV DUH UHTXLUHG >@ 2Q WKH ZD\
WRZDUGVRSWLPL]HGSURGXFWLRQV\VWHPVWKHLPSOHPHQWDWLRQRI
DOHDUQLQJIDFWRU\LVYHU\VXLWDEOH:LWKWKHKHOSRIDOHDUQLQJ
HQYLURQPHQW WKH GLIILFXOWLHV RI SURGXFWLRQ VHWXS GXULQJ D
IDFWRU\ OD\RXW SODQQLQJ SKDVH DV ZHOO DV UHDO PDQXIDFWXULQJ
FRQGLWLRQV FDQ EH VLPXODWHG )XUWKHUPRUH D OHDUQLQJ IDFWRU\
FRQWULEXWHVWRHGXFDWLRQDQGUHVHDUFKDFWLYLWLHVLQ WKHILHOGRI
PDQXIDFWXULQJRSWLPL]DWLRQEDVHGRQ/HDQ0DQDJHPHQWWRROV
2QH RI WKH PRVW SRZHUIXO /HDQ 0DQDJHPHQW WRROV LV WKH




UHSUHVHQWLQJ GDWD HJ UHSUHVHQWDWLRQ RI SDUDOOHO RU F\FOLF
SURFHVVHV DQG FDOFXODWLQJ DVVRFLDWHG SDUDPHWHUV HJ
FDOFXODWLRQ RI F\FOH WLPH VHWXS WLPH RU OHDG WLPH OHDG WR
FRPPXQLFDWLRQ DQG FRRUGLQDWLRQ SUREOHPV 2QO\ E\ WKH
PHDQVRIDFRPPRQ960PHWKRGUHVRXUFHHIILFLHQWDQGFRVW
VDYLQJ SURFHVV VHTXHQFHV LQ FRPELQDWLRQ ZLWK VWDQGDUGL]HG
SURFHVVLQWHUIDFHVFDQEHDFKLHYHG)XUWKHUUHVHDUFKDFWLYLWLHV





RI /HDQ0DQDJHPHQW IRFXVLQJ RQ D IXUWKHU GHYHORSPHQW RI
WKH960PHWKRG
$IWHU D EULHI RYHUYLHZ RQ SXEOLVKHG VFLHQWLILF OLWHUDWXUH
DERXW OHDUQLQJ IDFWRULHV DQG 960 WKH HGXFDWLRQ RI
HQJLQHHULQJ VWXGHQWV RU LQGXVWU\ VWDII LQ WKH ³/HDQ
0DQXIDFWXULQJ/DERUDWRU\´DW WKH8QLYHUVLW\RI/X[HPERXUJ
LV GHVFULEHG LQ WKH ILUVW SDUW RI WKH SDSHU ,Q WKH FRQWH[W RI
SURFHVVRSWLPL]DWLRQWKHHQYLVDJHGLPSOHPHQWDWLRQRIDUHDO
WLPH GDWD FDSWXULQJ DQG SURFHVVLQJ V\VWHP DV ZHOO DV WKH
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GHVFULSWLRQ RI WKH UHVHDUFK DSSURDFK D VWUXFWXUH RI SURFHVV
W\SHV LV SUHVHQWHG ZKLFK ZLOO KHOS WR DFKLHYH WKH PDLQ
UHVHDUFKREMHFWLYHV7KHVHUHVHDUFKREMHFWLYHVDUHLQOLQHZLWK
WKH DLP RI WKH ³/HDQ 0DQXIDFWXULQJ /DERUDWRU\´ DQG
WKHUHIRUHVXSSRUWWKHWUDLQLQJDFWLYLWLHVLQWKHOHDUQLQJIDFWRU\
6XEVHTXHQWO\ ILUVW UHVHDUFK UHVXOWV DUH GLVFXVVHG LQ GHWDLO
OHDGLQJWRIHDWXUHVIRUDFRPPRQ960DSSURDFK
 6FLHQWLILFOLWHUDWXUHRYHUYLHZ
:LWK WKH KHOS RI D OHDUQLQJ IDFWRU\ LPSRUWDQW DVSHFWV RI
SURGXFWLRQDQDO\VLVDQGRSWLPL]DWLRQFDQEHLQYHVWLJDWHGDQG
WDXJKW LQ D VLPXODWHG LQGXVWULDO HQYLURQPHQW 7KHUH DUH
VHYHUDO VFLHQWLILF SXEOLFDWLRQVGHDOLQJZLWK WKHEDVLF FRQFHSW
RIDOHDUQLQJIDFWRU\FI>@>@,QUHFHQWVFLHQWLILFOLWHUDWXUHD
OHDUQLQJ IDFWRU\ LV GHVFULEHG DV D SODWIRUP WR WUDQVIHU
IXQGDPHQWDO NQRZOHGJH HJ DERXW PHWKRGV IRU SURFHVV
LPSURYHPHQW WR VWXGHQWV RU VHPLQDU SDUWLFLSDQWV IURP
LQGXVWU\ ZLWKLQ D UHDO PDQXIDFWXULQJ HQYLURQPHQW >@ ,Q
DGGLWLRQ WKH GHYHORSPHQW RI D FRQFHSW IRU FRPSHWHQF\
RULHQWHG OHDUQLQJ IDFWRULHV ZKLFK DUH LQ OLQH ZLWK LQGXVWULDO
QHHGVLVVKRZQ>@0RUHRYHUGLIIHUHQWFRQFHSWVWRLPSURYH
PDQXDOO\ RSHUDWHG DVVHPEO\ RU GLVDVVHPEO\ OLQHV DUH
GHVFULEHG >@ $QRWKHU SXEOLFDWLRQ GHDOV ZLWK VHOIOHDUQLQJ
DQGVHOIRSWLPL]LQJVWUDWHJLHVIRUDVVHPEO\V\VWHPV>@
7KH IXQGDPHQWDO FRQFHSWV LQ WKH ILHOG RI /HDQ
0DQDJHPHQWDUHPDLQO\EDVHGRQWKHLGHDVLQFRQQHFWLRQZLWK
WKH LQWURGXFWLRQRI WKH7R\RWD3URGXFWLRQ6\VWHP736 >@
)RU D EDVLF XQGHUVWDQGLQJ RI WKH PHWKRG 960 HVVHQWLDO
VFLHQWLILFVWDQGDUGZRUNVLQWKHILHOGRI960DUHSURYLGHGE\
YDULRXV DXWKRUV LD 5RWKHU6KRRN >@ .OHYHUV >@
%RNUDQ]/DQGDX>@DQG(UODFK>@,QRUGHUWRJDLQDPRUH
KROLVWLF960DSSURDFK GLIIHUHQW YDOLGDWLRQ FULWHULD HJ XVH
RI UHVRXUFHVPDQXIDFWXULQJ DUHD WUDQVSRUW GLVWDQFHKDYH WR
EHWDNHQLQWRDFFRXQW>@$FFRUGLQJWRUHFHQWGHYHORSPHQWV












KDV EHHQ EXLOW XS GXULQJ D OHDUQLQJ H[HUFLVH DLPHG DW
HQJLQHHULQJ VWXGHQWV LQ WKH FRQWH[W RIPDQXIDFWXULQJ SURFHVV
RSWLPL]DWLRQ ,Q WKH ³/HDQ 0DQXIDFWXULQJ /DERUDWRU\´
GLIIHUHQW DVSHFWV RI /HDQ 0DQDJHPHQW OLNH .DL]HQ 9DOXH
6WUHDP 0DQDJHPHQW DQG PDQXIDFWXULQJ ERWWOHQHFN DQDO\VLV
EDVHG RQ NH\ SHUIRUPDQFH LQGLFDWRUV .3,V RI SK\VLFDO
PDWHULDO IORZ DUH WDXJKW LQ D VWXGHQWFHQWHUHG OHDUQLQJ
HQYLURQPHQW 6XLWDEOH OHDQ WRROV OLNH9DOXH 6WUHDP0DSSLQJ
RU YLVXDOL]DWLRQPHWKRGV OLNH 6 KHOS WR LGHQWLI\ DQG UHGXFH
QRQYDOXHDGGLQJDFWLYLWLHV
,Q WKH FRQWH[W RI WKH HVWDEOLVKPHQW RI D OHDUQLQJ IDFWRU\
GLIIHUHQW SKDVHV KDYH EHHQ FDUULHG RXW ,Q D ILUVW VWHS WKH
DFWXDO SURGXFW KROH SXQFKHU KDV EHHQ DQDO\]HG LQ WHUPV RI
DVVHPEO\ GHWDLOV OHDGLQJ WR D UHTXLUHPHQW VSHFLILFDWLRQ IRU
HYHU\ SURGXFWLRQ SURFHVV 7KH VXEVHTXHQW WHVW UXQ RI D MRE
VKRS SURGXFWLRQ ZLWK D FHQWUDOL]HG ORJLVWLF FHQWHU UHYHDOHG
QHHGV IRU RSWLPL]DWLRQ RI SURGXFWLRQ IORZ GXH WR KLJK
LQYHQWRULHV DQG D FRUUHVSRQGLQJ KLJK OHDG WLPH RI WKH
LQYHVWLJDWHGSURGXFW%DVHGRQDFRQFLVHLQWURGXFWLRQWREDVLF
OHDQ FRQFHSWV DQG IDFWRU\ OD\RXWSODQQLQJ WKH DVVHPEO\ZDV
GLYLGHG LQWR VXEVHTXHQW SURFHVV VWHSV %HIRUH WKH DVVHPEO\
OLQHFRXOGILQDOO\EHODXQFKHGWKHSURGXFWLRQIORZZDVIXUWKHU
VWDQGDUGL]HG DQG VLPSOLILHGZLWK WKH KHOS RI MRE LQVWUXFWLRQV
DQGVXSSRUWLYHIL[WXUHV
7KHUHVXOWLQJVWDJHGSURGXFWLRQOLQHDVVKRZQLQ)LJ
VHUYHV DV D OHDUQLQJ SODWIRUP IRU HQJLQHHULQJ VWXGHQWV WR
GHHSHQ WKHLU NQRZOHGJH DERXW WKH HIIHFWLYH RSHUDWLRQ RI D





,Q WKH FRQWH[W RI D VXVWDLQDEOH SURGXFW GHYHORSPHQW WKH
SURGXFWLRQOLQHLVGLYLGHGLQWRDVWDJHGDVVHPEO\OLQHDQGDQ
DGGLWLRQDO VWDJHG OLQH IRU GLVDVVHPEO\$W WKHEHJLQQLQJRI
WKH SURGXFWLRQ SURFHVV WKH WRS DQG WKH FKDVVLV RI WKH KROH
SXQFKHU KDYH WR EH DVVHPEOHG LQ SDUDOOHO SURGXFWLRQ VWHSV
$IWHUWKHPDUULDJHRIWKHVHWZRPDLQSURGXFWFRPSRQHQWVWKH
ILQDO SURGXFW QHHGV WR EH FKHFNHG LQ D TXDOLW\ FRQWURO VWHS
EHIRUHLWLVUHDG\WREHVKLSSHGWRWKHFXVWRPHU$FFRUGLQJWR
WKH LGHD RI VXVWDLQDEOH SURGXFW OLIH F\FOHV WKHUH LV WKH
SRVVLELOLW\ WR H[WUDFW DOO RSHUDWLRQDO SDUWV IURP WKH ILQDO
SURGXFW DIWHU WKH XVH SKDVH RI WKH FXVWRPHU 7KXV WKHVH








,Q WKH QHDU IXWXUH LW LV HQYLVDJHG WR FROOHFW DGGLWLRQDOO\
UHOHYDQWSURGXFWLRQGDWDGLUHFWO\UHODWHGWRWKHPDQXIDFWXULQJ
SURFHVV%\WKHPHDQVRIDQDXWRPDWHGGDWDFDSWXULQJV\VWHP
HJ 5),' RU EDUFRGHEDVHG WHFKQRORJ\ VLJQLILFDQW GDWD
ZLOOEHFROOHFWHG,QRUGHUWRJHQHUDWHYDOXDEOHLQIRUPDWLRQIRU
SURFHVVRSWLPL]DWLRQ LW LV SODQQHG WR OLQN WKHGDWD FDSWXULQJ
V\VWHP WR DQ (QWHUSULVH 5HVRXUFH 3ODQQLQJ (53 VRIWZDUH
V\VWHP
7KHDGYDQWDJHZLOOEHWKHUHDOWLPHFDSDELOLW\RIWKHHQWLUH
V\VWHP VR WKDW OLWWOH FKDQJHV LQ SURGXFWLRQ VHWXS ZLOO KDYH
LPPHGLDWH FRQVHTXHQFHVZKLFK FDQEH WUDFNHG DQG DQDO\]HG
E\WKHXVHURIWKHLPSOHPHQWHG(53V\VWHP
 $SSOLFDWLRQRIWKHPHWKRG960
,Q OLQH ZLWK WKH LGHD RI FRQWLQXRXV LPSURYHPHQW LQ
SURGXFWLRQ LQGXVWU\ WKH DVVHPEO\ OLQH IRU KROH SXQFKHU
PDQXDOVHULHVSURGXFWLRQLV IXUWKHULQYHVWLJDWHGZLWKUHJDUG
WR WKHSURGXFW DQG LQIRUPDWLRQ IORZV7KHUHIRUH WKHPHWKRG
960LVDSSOLHGZLWKLQWKHOHDUQLQJHQYLURQPHQWRIWKH³/HDQ
0DQXIDFWXULQJ/DERUDWRU\´
,Q D ILUVW VWHS RI WKH DQDO\VLV DQ RYHUYLHZ RI WKH ZKROH
SURGXFWLRQ IDFLOLW\ FDQ EH DFKLHYHG ZLWK WKH KHOS RI D WRXU
WKURXJK WKH OHDUQLQJ IDFWRU\0DWHULDO DQG LQIRUPDWLRQ IORZV
KDYH WR EH FDSWXUHG LQ UHYHUVH RUGHU FRPSDUHG WR WKH UHDO
SURGXFW IORZ 'XULQJ WKH 9DOXH 6WUHDP $QDO\VLV SKDVH WKH
UHFRUGLQJ RI DFWXDO WLPHV KHOSV WR VHW WDUJHW WLPHV DW D ODWHU
VWDJH +DYLQJ FROOHFWHG UHOHYDQW GDWD RQ SURFHVV OHYHO
VLJQLILFDQW SDUDPHWHUV DQG SHUIRUPDQFH LQGLFDWRUV DUH
FDOFXODWHG DQG WKHQ SUHVHQWHG LQ D YDOXH VWUHDP GLDJUDP
'LIIHUHQWOHYHOVRIGHWDLOKHOSWKHXVHURIWKHGLDJUDPWRJHWD
TXLFN RYHUYLHZ RI WKH ZKROH SURGXFWLRQ SURFHVV DQG LI
QHHGHG WR JDLQ GHHSHU LQVLJKWV LQ VSHFLILF DVSHFWV RI DQ\
SURFHVV VWHS LQYROYHG 'XH WR WKLV V\VWHPDWLF DSSURDFK DQ
HIIHFWLYH9DOXH6WUHDP$QDO\VLVSKDVHLVHQDEOHG
%DVHG RQ WKH UHVXOWV RI WKH 9DOXH 6WUHDP $QDO\VLV D
FDWDORJXH FRQWDLQLQJ PHDQV IRU SURGXFWLRQ RSWLPL]DWLRQ FDQ
EHSUHSDUHG,WLVDGYDQWDJHRXVLIWKHVHPHDVXUHVDUHGHILQHG
DFFRUGLQJ WR 'RUDQ FRQWDLQLQJ D UHDOLVWLF DQG VSHFLILF JRDO
GHILQLWLRQDUHVSHFWLYHGXHGDWHDQGDUHVSRQVLEOHSHUVRQIRU
HDFK VLQJOH PHDVXUH >@ ,Q RUGHU WR FODVVLI\ WKH SODQQHG
PHDVXUHV IRURSWLPL]DWLRQD EDVLFFRVWEHQHILW DVVHVVPHQW LV
VXLWDEOH 7\SLFDO LPSURYHPHQW PHDVXUHV DUH WKH FKDQJH RI
SURFHVV VHTXHQFHV DFFRUGLQJ WR WKH UHVXOWV RI 9DOXH 6WUHDP
$QDO\VLV DQG WKH SUHYHQWLRQ RI ERWWOHQHFNV DORQJ WKH
SURGXFWLRQIORZ$QDGGLWLRQDOLQFUHDVHLQSURGXFWLYLW\FDQEH
DFKLHYHG E\ FRQVLGHULQJ HUJRQRPLF IDFWRUV OLNH WKH RSWLPDO
ZRUNVXUIDFHKHLJKWDVZHOODVWKHRSHUDWRU¶VUDQJH
2. Research Approach/Strategy 
%DVHG RQ WKH GLIIHUHQFHV DPRQJ WKH H[LVWLQJ 960
DSSURDFKHV PHQWLRQHG DERYH WKHUH LV D ODFN RI D FRPPRQ
XQGHUVWDQGLQJRI960HVSHFLDOO\LQODUJHUFRPSDQLHVZLWKD
KLJK FRPSOH[LW\ GXH WR YDU\LQJ SURGXFWV DQG UHODWHG
SURFHVVHV 7R IDFH WKH GHVFULEHG FKDOOHQJHV RI 960 WKH
UHVHDUFKSURMHFW³6WUHD0´KDVEHHQODXQFKHGDW WKH5HVHDUFK
8QLW LQ (QJLQHHULQJ 6FLHQFH 58(6 DW WKH 8QLYHUVLW\ RI
/X[HPERXUJ
7KHYLVLRQRISURMHFW³6WUHD0´ LV WRDFKLHYH VWDQGDUGL]HG
VRIWZDUHDQGSURFHVV LQWHUIDFHVZKLFKHQVXUHUREXVWSURGXFW
DQG LQIRUPDWLRQ IORZVEH\RQG LQWUD DQG LQWHURUJDQL]DWLRQDO










WR EH YDOLGDWHG LQ VHYHUDO WHVW FDVHV GXULQJ D ILUVW SURMHFW
SKDVH ,Q DGGLWLRQ WR WKH DSSOLFDWLRQ RI 960 LQ D WHVW
HQYLURQPHQW OLNH WKH ³/HDQ0DQXIDFWXULQJ /DERUDWRU\´ WKH
PHWKRGKDVWREHDSSOLHGLQUHDOLQGXVWU\DQGVHUYLFHVHFWRUV
,Q RUGHU WR JDLQ D JHQHULF 960 DSSURDFK WKH VFRSH RI WKH





7KH IRUZDUGRULHQWHG SURGXFW IORZ RI D W\SLFDO YDOXH
VWUHDPFDQEHGLYLGHG LQWRD IORZRIPDWHULDORUHQHUJ\HJ
PDQXIDFWXULQJ RU HQHUJ\ FRQYHUVLRQ SURFHVVHV DQG D GDWD
IORZ HJ ,7EDVHG SURFHVVHV 'DWD IORZV DUH W\SLFDO IRU
SURGXFWV RI VHUYLFH WUDGH DQG PDQDJHPHQW SURFHVVHV 7KH
ILQDO SURGXFW RI WKRVH SURFHVV W\SHV LV QRW D SK\VLFDO REMHFW
EXW WKH SURFHVVLQJ RU D FROOHFWLRQ RI GDWD ,Q FRQWUDVW WR WKH
GDWD IORZ WKH IORZRIPDWHULDO FDQEHFDWHJRUL]HGDFFRUGLQJ
WRWKHOHYHORIDXWRPDWLRQPDQXDOYVDXWRPDWHGSURGXFWLRQ
DV ZHOO DV UHJDUGLQJ WKH W\SH RI PDQXIDFWXULQJ LQ WHUPV RI
SURGXFWLRQ YROXPH VLQJOH VHULHV RU PDVV SURGXFWLRQ )RU
HDFK SURFHVV W\SH D YDOLGDWLRQ H[DPSOH LV LQYHVWLJDWHG WR
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$GUDIWRIDFRPPRQ960PHWKRGLVWKHDLPRIDVHFRQG
SURMHFWSKDVH:LWKUHJDUG WRD ODWHUVWDQGDUGL]DWLRQSKDVHD
XQLTXH FDWDORJXHRI V\PEROV GDWD ER[HVZLWK FRUUHVSRQGLQJ
SDUDPHWHUVDFFRUGLQJWRHDFKSURFHVVW\SHDVZHOODVFRPPRQ
FDOFXODWLRQDQGYLVXDOL]DWLRQPHWKRGVKDYHWREHGHYHORSHG
7KH LPSOHPHQWDWLRQ RI WKH960PHWKRG DV VWDQGDUG FDQ
EHVHHQDVWKHILQDOGHVLUHGRXWFRPHRISURMHFW³6WUHD0´7KH
GHYHORSHG DSSURDFK VKRXOG VHUYH DV D QRUP SURSRVDO IRU D
(XURSHDQRU,QWHUQDWLRQDOVWDQGDUG
3. First results and discussion 
$ FRPSDULVRQ RI H[LVWLQJ 960 PHWKRGV ZLWK UHJDUG WR
GLIIHUHQW FDWHJRULHV LH V\PEROV GDWD ER[HV DQG DVVRFLDWHG
SDUDPHWHUVFDOFXODWLRQDQGYLVXDOL]DWLRQPHWKRGVUHYHDOVWKH
















2Q D ILUVW VWHS WRZDUGV D VWDQGDUGL]HG 960 DSSURDFK
HYHU\ FRPSRQHQW RI WKH YDOXH VWUHDP GLDJUDP KDV WR EH
LQYHVWLJDWHGLQGHWDLOFI)LJ7KHUHIRUHDSDUWLWLRQLQJRI
WKH HQWLUH YDOXH VWUHDP GLDJUDP LQ GLIIHUHQW VHFWLRQV LV
KHOSIXO,QDGGLWLRQWRWKHLQWHUQDOSURFHVVHVWKHSODQQLQJDQG












$FRPSDULVRQ RI VFLHQWLILF VWDQGDUGZRUNV LQ WKH ILHOG RI
960 UHYHDOV VLJQLILFDQW GLIIHUHQFHV >@>@>@>@
&RQFHUQLQJ WKH 960 V\PEROV D GLIIHULQJ XVH PHDQLQJ RU
GHILQLWLRQFDQEHVKRZQVHHWDEOH
7DEOH8VHRIGLIIHUHQW960V\PEROV
6\PERO 'HILQLWLRQ >@ >@ >@ >@
 VWDII <HV <HV 1R <HV
 FXVWRPHUSURFHVV 1R 1R 1R <HV
 EXVLQHVVSURFHVV 1R <HV 1R <HV
 VDIHW\VWRFN <HV 1R <HV 1R
 &RQ:,3VLJQDO 1R 1R 1R <HV
 V\QFKURQL]DWLRQ 1R 1R 1R <HV
 ,7LQWHUIDFH 1R 1R 1R <HV
 .DQEDQORW <HV 1R 1R 1R

,Q VSLWH RI D FRQVLVWHQW XVH RI VWDQGDUG V\PEROV IRU WKH
UHSUHVHQWDWLRQ RI SURGXFWLRQ SURFHVVHV PDWHULDO DQG
LQIRUPDWLRQ IORZV WKHUH DUH VLJQLILFDQW GLIIHUHQFHV LQ XVLQJ
IXUWKHU V\PEROV LQ PRUH GHWDLOHG YDOXH VWUHDP GLDJUDPV $
FRPPRQ FDWDORJXH RI V\PEROV ZLWK D XQLTXH GHILQLWLRQ RI




7KXV LW KHOSV WR VSHFLI\ WKH FKDUDFWHULVWLFVRI WKH DVVRFLDWHG
SURFHVV %\ FRPSDULQJ IRXU GLIIHUHQW VFLHQWLILF VWDQGDUG
SXEOLFDWLRQVRI960PRUHWKDQGLIIHUHQWSDUDPHWHUVHJ
WLPHV TXDQWLWLHV DQG RWKHU SHUIRUPDQFH LQGLFDWRUV FDQ EH
JDWKHUHGFI>@>@>@>@$FFRUGLQJWR(UODFK>@ WKHVH
SDUDPHWHUV FDQ EH DVVLJQHG WR GLIIHUHQW SURFHVV W\SHV OLNH
VXSSOLHUFXVWRPHURUH[WHUQDOSURGXFWLRQSURFHVVHV
7KH DSSOLFDWLRQ RI 960 IRU GLIIHUHQW SURFHVV W\SHV
UHTXLUHV D GHILQHG PLQLPXP VHW RI SDUDPHWHUV IRU HDFK
SURFHVVW\SHHJPDQXDOYVDXWRPDWHGSURGXFWLRQDVZHOODV
VLQJOH VHULHV RU PDVV SURGXFWLRQ ,Q DGGLWLRQ HYHU\
SDUDPHWHU KDV WR EH FOHDUO\ GHILQHG ZKLFK OHDGV WR D
FRQVLVWHQWXQGHUVWDQGLQJRIHYHU\FULWHULRQ
)RU LQVWDQFH WKH WHUP ³UHVRXUFHV´ LV H[SODLQHG LQ WKH
IROORZLQJ .OHYHUV >@ VXPPDUL]HV XQGHU WKH WHUP
³UHVRXUFHV´ GLIIHUHQW DVSHFWV OLNH DUHD PDFKLQHV VWDII
PDWHULDO HQHUJ\ WLPH DQG FDSLWDO ZKHUHDV ³UHVRXUFHV´ DUH
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DOVR VRPH GLIIHUHQFHV DPRQJ WKH LQYHVWLJDWHG VFLHQWLILF
SXEOLFDWLRQV UHJDUGLQJ WKH FDOFXODWLRQ PHWKRGV ,Q WKH







ZKHUH 37 LV WKH SURFHVV WLPH 3 HTXDOV WKH QXPEHU RI
LGHQWLFDOSDUWVSHUILQLVKHGSURGXFW34LVWKHSURFHVVTXDQWLW\




WR WKH RWKHU LQYHVWLJDWHG 960 ZRUNV WKH SDUDPHWHU F\FOH
WLPH LV QRW FDOFXODWHG EXW GHVFULEHG OLWHUDOO\ ,Q FRQWUDVW WR













7KHVH H[DPSOHV UHJDUGLQJ FDOFXODWLRQ PHWKRGV VKRZ WKDW
WKHUHDUHD ORWRITXHVWLRQVZKLFKDUHSDUWLDOO\DGGUHVVHGEXW
QRW DQVZHUHG VXIILFLHQWO\ LQ WKH LQYHVWLJDWHG VWDQGDUG 960
ZRUNV
 960YLVXDOL]DWLRQPHWKRGV
)RU WKH YLVXDOL]DWLRQ RI YDOXH VWUHDPV GXULQJ WKH 960
SURFHVVDYDOXHVWUHDPGLDJUDPLVW\SLFDOO\XVHGDVVKRZQLQ
)LJ  %\ FRPSDULQJ WKH 960 VWDQGDUG ZRUNV VHYHUDO
GLVWLQFWLRQV FDQ EH REVHUYHG ZLWK UHJDUG WR WKH JUDSKLF
UHSUHVHQWDWLRQZLWKLQYDOXHVWUHDPGLDJUDPV
2QH LPSRUWDQW DVSHFW RI YDOXH VWUHDP YLVXDOL]DWLRQ LV WKH
JUDSKLF UHSUHVHQWDWLRQ RI SUHOLPLQDU\ F\FOLF RU SDUDOOHO
SURFHVVHV ,Q PRVW H[DPSOHV LQFOXGHG LQ WKH 960 VWDQGDUG
ZRUNV WKHUH LVDVWUDLJKWYDOXHVWUHDPZLWKRXWDQ\ UHSHWLWLYH
RUSDUDOOHOSURFHVVHV
5HFHQW VFLHQWLILF SXEOLFDWLRQV GHDO ZLWK WKH IXUWKHU
GHYHORSPHQWRI960UHJDUGLQJH[WHQGHGDVVHVVPHQWFULWHULD
LQ DGGLWLRQ WR WKH WUDGLWLRQDO OHDG WLPH FULWHULRQ )XUWKHU




,Q RUGHU WR RYHUFRPH WKHVH PHWKRGLFDO GLIIHUHQFHV D
FRPPRQ960DSSURDFKVKDOOLQFRUSRUDWHDFRQVLVWHQWPL[RI
WKH GLIIHUHQW H[LVWLQJ 960 DSSURDFKHV ,Q WKH IROORZLQJ




YV VZLPODQH GLDJUDP PLJKW EH VXLWDEOH DFFRUGLQJ WR WKH
FKRLFH RI SURFHVV W\SH PDWHULDOHQHUJ\ YV GDWD SURFHVV
5HODWHGWRWKLVDVSHFLILFFDWDORJXHRISDUDPHWHUVFRQWDLQLQJ
D PLQLPXP VHW RI GDWD KDV WR EH GHILQHG IRU HYHU\ SURFHVV
W\SH2QHRI WKHFKDOOHQJLQJSDUWV LQ WKLVFRQWH[WZLOOEH WKH
PRGHOOLQJ RI K\EULG SURFHVV VHTXHQFHV ZKRVH SURGXFW IORZ
FRQWDLQVERWKPDWHULDODQGGDWDSURSRUWLRQV
$QRWKHULPSRUWDQWDVSHFWRIWKHFRPPRQ960DSSURDFKLV
WKHFRQFHSWRI IOH[LELOLW\'XH WR WKH ODUJHUDQJHRIGLIIHUHQW
SURFHVVHVWKHODWHULQWURGXFHG960DSSURDFKKDVWREHVHWXS
LQ D IOH[LEOH PDQQHU 'HSHQGLQJ RQ WKH QHHGV RI WKH XVHU
WKHUHVKRXOGEHWKHSRVVLELOLW\WRJURXSVKRZRUKLGHVLPLODU
HOHPHQWV LQ WKH YDOXH VWUHDP GLDJUDP :LWK WKH KHOS RI
GLIIHUHQW OHYHOV RI GHWDLO D TXLFN RYHUYLHZ RI WKH ZKROH
SURFHVV DV ZHOO DV D GHWDLOHG YLHZ RQ SURFHVV OHYHO DUH
SURYLGHG7KHGLVWLQFWLRQRIGLIIHUHQWOHYHOVRUVHFWLRQVLQWKH
YDOXHVWUHDPGLDJUDPFDQEHVXSSRUWHGE\WKHXVHRIGLIIHUHQW
FRORUV $FFRUGLQJ WR WKH IRFXV RI WKH DQDO\VLV WKH GLIIHUHQW
VHFWLRQVRI WKH960GLDJUDP HJ SURFHVV FRQWURO VXSSOLHU
RUFXVWRPHUVHFWLRQFDQEHDGMXVWHGIOH[LEO\2QHDGGLWLRQDO
OHYHO FRXOGEH IRU H[DPSOH D MREGHVFULSWLRQ OHYHO VLQFH WKH
DFWXDOUHTXLUHGSURFHVVVWHSVKDYHDVLJQLILFDQWLPSDFWRQWKH
UHVXOWLQJOHDGWLPHDQGIXUWKHUDVVHVVPHQWFULWHULD,QOLQHZLWK
WKH LGHD RI IOH[LELOLW\ WKHUH VKRXOG EH WKH SRVVLELOLW\ RI D
IOH[LEOHDGMXVWPHQWIRUHYHU\GDWDER[
$QRWKHU LPSRUWDQW LGHD IRU LPSURYHPHQW LV WKH H[DFW
ODEHOLQJRIHOHPHQWVLQDYDOXHVWUHDPGLDJUDP)RULQVWDQFH
WKH TXDQWLW\ RI PDWHULDO HQHUJ\ RU GDWD FDQ EH VKRZQ DW
EUDQFKHV RI FRQQHFWLQJ PDWHULDO SDWKV ,Q DGGLWLRQ DQ H[DFW
DOORFDWLRQRIHPSOR\HHVWRDVVRFLDWHGSURGXFWLRQSURFHVVHVLV
KHOSIXO WR DQDO\]H WKH DFWXDO GHSOR\PHQW VLWXDWLRQ )RU
UHSHWLWLYH SURFHVVHV ZKLFK FRXOG EH JUDSKLFDOO\ UHSUHVHQWHG
ZLWKWKHKHOSRIF\FOHVDGGLWLRQDOSDUDPHWHUVOLNHWKHQXPEHU
RIF\FOHVDQGWKHGXUDWLRQRIHDFKF\FOHFRXOGEHJDWKHUHG
(VSHFLDOO\ IRU PRUH FRPSOH[ SURFHVVHV WKH XVH RI
VHTXHQFHRUFRQQHFWLRQSRLQWVZKLFKDUHDOVRNQRZQDVHYHQW
QRGHV LQ WKH QHWZRUNSODQQLQJ WHFKQLTXH LVDGYDQWDJHRXV WR
OLQNLQWHUUXSWHGRUZLGHO\EUDQFKHGSURFHVVVHTXHQFHV
)LQDOO\ WKH DGGLWLRQDO FRQVLGHUDWLRQ RI GHILQHG RU
VWDQGDUGL]HG FRPSDQ\ OLPLWV DV ZHOO DV LQWHUQDWLRQDO
ERXQGDULHV HJ (8 GLUHFWLYHV FDQ EH LQFRUSRUDWHG LQ WKH
960DSSURDFKVRWKDW WKHXVHUILQDOO\JHWVDFRPSUHKHQVLYH
SLFWXUHRIWKHHQWLUHSURFHVV
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4. Conclusion 
$IWHU D EULHI RYHUYLHZ RQ SXEOLVKHG VFLHQWLILF OLWHUDWXUH
ZLWK UHJDUG WR OHDUQLQJ IDFWRULHV DQG960 WKH FRQFHSWRI D
OHDUQLQJ IDFWRU\ IRU HGXFDWLRQ DQG UHVHDUFK LQ WKH ILHOG RI
/HDQ 0DQDJHPHQW DW WKH 8QLYHUVLW\ RI /X[HPERXUJ ZDV
LQWURGXFHG7KHGHVFULSWLRQRI WKH SODQQLQJ DQG FRQVWUXFWLRQ
SKDVH DV ZHOO DV RI WKH ILQDO IDFWRU\ OD\RXW RI WKH ³/HDQ
0DQXIDFWXULQJ /DERUDWRU\´ ZDV IROORZHG E\ DQ RXWORRN RQ
LPSURYHPHQWV LQ WKH QHDU IXWXUH UHJDUGLQJ UHDOWLPH GDWD
FDSWXULQJV\VWHPVEDVHGRQ5),'RUEDUFRGHWHFKQRORJ\
6XEVHTXHQWO\WKHUHVHDUFKDSSURDFKDQGWKHVWUDWHJ\RIWKH
DVVRFLDWHG UHVHDUFK SURMHFW ³6WUHD0´ZHUH H[SODLQHG ,Q WKLV
FRQWH[W D VWUXFWXUH ZDV SUHVHQWHG LQ RUGHU WR FODVVLI\
LQYHVWLJDWHGSURFHVVW\SHVGXULQJWKHYDOLGDWLRQSKDVH
)XUWKHUPRUH ILUVW UHVXOWV RI WKH FRPSDULVRQ RI H[LVWLQJ
960DSSURDFKHVZHUHSUHVHQWHG,WZDVVKRZQWKDWWKHUHDUH
VLJQLILFDQWGLIIHUHQFHVDPRQJWKHH[LVWLQJ960DSSURDFKHVLQ
WHUPV RI V\PEROV GDWD ER[HV DQG DVVRFLDWHG SDUDPHWHUV DV
ZHOO DV FRQFHUQLQJ FDOFXODWLRQ DQGYLVXDOL]DWLRQPHWKRGV ,Q
WKLVFRQWH[WSURSRVHGIHDWXUHVIRUDFRPPRQ960DSSURDFK




SURFHVV RSWLPL]DWLRQ )URP D PHWKRGLFDO SRLQW RI YLHZ WKH
FRPPRQ 960 DSSURDFK KDV WR EH FRPSOHWHG IRU
VWDQGDUGL]DWLRQ SXUSRVH E\ YDOLGDWLQJ DQG FRQVLGHULQJ WKH
SURSRVHGIHDWXUHV
Acknowledgements 
7KH UHVHDUFK SURMHFW ³6WUHD0´ LV VXSSRUWHG E\ WKH )RQGV
1DWLRQDOGHOD5HFKHUFKH)15LQ/X[HPERXUJ
7KHDXWKRUVZRXOGOLNHWRWKDQNWKHSURMHFWSDUWQHUVLQYROYHG
LQ WKH HGXFDWLRQ DQG UHVHDUFK HIIRUWV 0DQ\ WKDQNV WR WKH
FRPSDQ\(VVHOWH/HLW]ZKLFKVXSSRUWHGXVZLWKHTXLSPHQWIRU
WKH³/HDQ0DQXIDFWXULQJ/DERUDWRU\´,QDGGLWLRQZHZRXOG
OLNH WR WKDQN LD IROORZLQJFRPSDQLHV IRU WKHLUJUHDWVXSSRUW






>@ 5HQW]RV / 'RXNDV0 0DYULNLRV ' 0RXUW]LV ' &KU\VVRORXULV *
,QWHJUDWLQJ0DQXIDFWXULQJ(GXFDWLRQZLWK,QGXVWULDO3UDFWLFH8VLQJ
7HDFKLQJ )DFWRU\ 3DUDGLJP $ &RQVWUXFWLRQ (TXLSPHQW $SSOLFDWLRQ
3URFHHGLQJVRIWKHWK&,53&RQIHUHQFHRQ0DQXIDFWXULQJ6\VWHPV
>@ 6LYDUG * 6KDULDW]DGHK 1 /LQGEHUJ /  (QJLQHHULQJ ,QQRYDWLRQ
)DFWRU\WK,QWHUQDWLRQDO&RQIHUHQFHRQ'LJLWDO(QWHUSULVH7HFKQRORJ\
>@ .UHLPHLHU ' 0RUORFN ) 3ULQ] & .UFNKDQV % &QH\W %DNLU '




$ 6\VWHPDWLF $SSURDFK RQ 'HYHORSLQJ $FWLRQRULHQWHG &RPSHWHQF\
EDVHG /HDUQLQJ )DFWRULHV  &,53 &RQIHUHQFH RQ 0DQXIDFWXULQJ
6\VWHPV
>@ %OH\D + 5HLQKDUW * 6HOLJHU * %HUQDUGL 0 .RUQH 7 





>@ 2KQR 7  7R\RWD 6HLVDQ +RXVKLNL  'DWVX NLER QR NHLHL ZR
PH]DVKLWH'LDPRQGVKD7RN\R
>@5RWKHU06KRRN-/HDUQLQJWRVHH/HDQ(QWHUSULVH,QVWLWXWH
>@ .OHYHUV 7  :HUWVWURP0DSSLQJ XQG :HUWVWURP'HVLJQ 0L
)DFKYHUODJ




SURGXFWLYLW\ DQG UHGXFH OHDG WLPH LQ DVVHPEO\ DQG SURGXFWLRQORJLVWLF
SURFHVVHV 9LHQQD 8QLYHUVLW\ RI 7HFKQRORJ\ DQG )UDXQKRIHU $XVWULD
5HVHDUFK*PE+
>@%URZQ$$PXQGVRQ-%DGXUGHHQ)6XVWDLQDEOHYDOXHVWUHDP
PDSSLQJ 6XV960 LQ GLIIHUHQW PDQXIDFWXULQJ V\VWHP FRQILJXUDWLRQV
DSSOLFDWLRQFDVHVWXGLHV-RXUQDORI&OHDQHU3URGXFWLRQ
>@1RUWRQ$)HDUQH$6XVWDLQDEOH9DOXH6WUHDP0DSSLQJ$7RRO
IRU 3URFHVV &KDQJH DQG :DVWH 5HGXFWLRQ 6XVWDLQDEOH )RRG &KDLQV 
(XURSHDQ)HGHUDWLRQRI)RRG6FLHQFHDQG7HFKQRORJ\
>@ )DXONQHU: %DGXUGHHQ )  6XVWDLQDEOH9DOXH 6WUHDP0DSSLQJ
6XV960 PHWKRGRORJ\ WR YLVXDOL]H DQG DVVHVV PDQXIDFWXULQJ
VXVWDLQDELOLW\SHUIRUPDQFH-RXUQDORI&OHDQHU3URGXFWLRQ
>@ 'RUDQ * 7  7KHUH
V D 60$57 ZD\ WR ZULWH PDQDJHPHQW
V
JRDOVDQGREMHFWLYHV0DQDJHPHQW5HYLHZ9ROXPH,VVXHSS


  
